ABSTRACT-Turonian deposits of the Goulmima area, Er-Rachidia Province in southern Morocco, have yielded a diverse marine vertebrate fauna, including chondrichthyans, bony fishes, and large marine reptiles such as plesiosaurians, mosasauroids, and turtles. These fossils are included in ovoid calcareous nodules that are difficult to prepare. Moreover, bones may be partially or totally dissolved, making their study difficult. Using computed tomography, we have reconstructed the entire skull anatomy of SMNS 81783, one of the rare plesiosaurian specimens found in this locality and more generally in Africa. The digital three-dimensional reconstruction of the skull and the mandible offers for the first time the possibility to describe this specimen exhaustively. The new anatomical characters recorded confirm that SMNS 81783 belongs to Elasmosauridae on the basis of (1) slender and triangular skull; (2) beak index equal to 42%; (3) temporal fossa estimated to occupy about 40% of the skull length; (4) long process of the premaxillae extending posteriorly to meet the parietal above the orbit and separating the frontals; and (5) margin of the temporal fenestra lacking obvious contribution from the frontal. A preliminary phylogenetic analysis confirms its elasmosaurid affinity. The relationships between SMNS 81783, Libonectes atlasense, and Libonectes morgani, as well as the presence of stapes and pineal foramen, are discussed.
INTRODUCTION
Plesiosaurians are extinct predatory marine reptiles that represent one of the longest-persisting groups of Mesozoic marine reptiles, ranging stratigraphically from the Late Triassic to the latest Cretaceous (e.g., Benson et al., 2012; Vincent et al., 2013) . Plesiosaurians went extinct during the Cretaceous-Paleogene biotic crisis (Gasparini et al., 2003a; Vincent et al., 2011) . However, during the Late Cretaceous, they had a worldwide distribution, including high-latitude seas surrounding Antarctica (Gasparini et al., 2003b; Novas et al., 2015) . The fossil record of plesiosaurians is scarcer in Africa than in other continents (Vincent et al., 2011 . Up to now, eight valid taxa have been described from this continent: Leptocleidus capensis Andrews,et al., 2010) . Moreover, fossilized bones in the nodules are often completely dissolved, making their extraction from the host rock and their study difficult or impossible. This particular preservation can often prevent complete access to the fossil anatomy, and the use of computed microtomography represents a solution to circumvent these technical issues. Here, we used microtomography on a plesiosaurian specimen (SMNS 81783) from this locality. This specimen, poorly preserved in an incompletely prepared nodule (Fig. 1B) , was previously referred to Libonectes atlasense (Buchy, 2005) . This technique reveals details of anatomy that are not otherwise directly observable.
Institutional Abbreviations-MNHN, Mus eum National d'Histoire Naturelle, Paris, France; SMNS, Staatliches Museum f€ ur Naturkunde, Stuttgart, Germany; SMU SMP, Shuler Museum of Paleontology, Southern Methodist University, Dallas, Texas, U.S.A.
GEOGRAPHIC AND STRATIGRAPHIC CONTEXT
According to Buchy (2005:6) , the specimen comes from "some kilometers around Goulmima" in southern Morocco (Fig. 1) , as is the case for the type specimens of Libonectes atlasense and Manemergus anguirostris (Buchy, 2005; Buchy et al., 2005) . Although their exact location remains unknown, the calcareous matrix surrounding these specimens is consistent with the vertebrate-bearing nodules known from the Early Turonian of the Goulmima area (Cavin, 1995 (Cavin, , 1997 (Cavin, , 1999 (Cavin, , 2001 Cavin et al., 2001; Bardet et al., 2003a Bardet et al., , 2003b Buchy, 2005; Buchy et al., 2005) . These nodules are concentrated near the top of a Cenomanian-Turonian calcareous succession, in Unit 4 of Ferrandini et al. (1985) , previously considered as Early Turonian in age based on the ammonite assemblage (mainly Mammites) (Bardet et al., 2003a (Bardet et al., , 2008 . The unit was later reappraised as Unit T2a of the Akrabou Formation, Middle Turonian in age, by Ettachfini and Andreu (2004) . The Goulmima area was the center of a basin exemplifying large subsidence during the Cenomanian-Turonian transgression. It corresponds to an open marine carbonate platform with influences essentially from the Tethys but also from the central Atlantic Ettachfini and Andreu, 2004; Bardet et al., 2008) . The Goulmima deposits surrounding the nodules correspond to marine limestones deposited in dysoxic conditions (Lebedel et al., 2013) .
MATERIALS AND METHODS
The specimen is currently housed in the SMNS under collection number SMNS 81783. It is preserved in a nodule about 40 cm long, up to 11 cm wide, and 13 cm high ( Fig. 2A, B) , which encompasses a skull with mandible in occlusion and the atlas-axis complex. The specimen is incompletely prepared. Its anterior half shows bones incompletely dissolved and exposed, surrounded by a light beige matrix ( Fig. 2A, B) . The posterior half of the fossil is still embedded in the matrix and thus not observable.
The specimen was scanned at the AST-RX platform of the MNHN (Paris) using a GE Phoenix vjtomejx L240 X-ray scanner with a voxel size of 134 mm (voltage: 230 kV, intensity: 500 mA). A virtual three-dimensional (3D) reconstruction of the skull was then performed at the Palaeontology Imaging Unit of the MNHN Origines et Evolution/UMR 7207 CR2P CNRS/MNHN/ UPMC using the MIMICS (Materialise Interactive Medical Image Control System) Innovation Suite software (Materialise, release 18). During segmentation work, bony elements appeared generally with darker grayscale values than the matrix (Fig. 2) due to the different X-ray absorption coefficients. However, no unique threshold value could accurately describe the boundary between bone and the matrix. The reconstruction was thus obtained with the multiple two-dimensional cross-sectional slices edit tool of MIMICS and interpolation between selections on FIGURE 1. Palaeogeographical location of the Goulmima area in southern Morocco and probable stratigraphical range (Mammites horizon) of plesiosaurian specimen SMNS 81783 (modified from Angst and Bardet, 2015) . noncontiguous slices. The shape of some bones that appeared completely dissolved at the surface of the nodule has been reconstructed using their natural cast encased in the matrix. This was the case for the mandible, for which only the cast of the medial margin is preserved (Fig. 2C ) so that the lateral margin was reconstructed by an approximate extension of its contour (see Fig. 6 , hatched area). The same method was used for reconstruction of the lateral margins of the jugal and the squamosal (see Fig. 3 Holotype-SMU SMP 69120, skull and mandible, atlas-axis complex, 48 successive cervical vertebrae, fragmentary thoracic ribs, gastralia, and associated gastroliths (Sachs and Kear, 2015) ; Upper Cenomanian; Britton Formation, Eagle Ford Group, near Cedar Hill, Dallas County, Texas, U.S.A.
Referred Specimens-SMNK-PAL 3978, articulated skull and postcranial skeleton (Buchy, 2005; Sachs and Kear, 2017) ; SMNS 81783, skull and mandible, atlas-axis complex. Middle Turonian (Upper Cretaceous) Unit T2a (Ettachfini and Andreu, 2004) of the Cenomanian-Turonian limestone bar, north of Goulmima, Er-Rachidia Province, southern Morocco.
DESCRIPTION

General Preservation
The skull of SMNS 81783 is slightly laterally crushed, but most of the bones remain in their natural arrangement and only some parts are missing, including the most dorsal part of the parietal crest, the left lateral margin of the temporal fenestra, and both squamosal arches. The right maxilla is almost dissolved, so that only a small part is preserved. The left part of the palate is broken and disarticulated, but much of the right side, posterior to the internal nares, is well preserved. The identification of the sutures between palatal bones is difficult, and the narial region is crushed and difficult to interpret. The mandible is almost completely preserved except its lateral margin and the posterior part of the right dentary, and it is in occlusion with the cranium.
Skull
We estimate that the original cranial length was about 295 mm from the tip of the premaxilla to the occipital condyle (see measurements and skull proportions in Table 1 ). The beak index (percentage of the preorbital length to the entire length of the skull; Welles, 1952 ) is 42%. In most elasmosaurids, this value is close to 40%, whereas it is close to 55% in Polycotylidae . The temporal fossae are estimated to have occupied about 40% of the skull length. A similar ratio (35-40%) is observable in Cretaceous Elasmosauridae .
Premaxillae-Each premaxilla bears five teeth and contributes to the external naris (Fig. 3B) , forming its anterior and medial margins. The flat dorsal surface of the premaxilla is slightly pitted and bears a clearly visible suture between the two premaxillae (Fig. 3A) . In SMNS 81783 there is a slight transverse 'rostral' constriction between the premaxilla and the maxilla (Fig. 3A) , as observed in many large-headed plesiosaurians (e.g., Taylor, 1992; O'Keefe, 2001; Druckenmiller and Russell, 2008; Smith and Dyke, 2008) and in some elasmosaurids (e.g., Vincent et al., 2011) . A small diastema forms a concavity between the last premaxillary and the first maxillary teeth (Fig. 3C) . The premaxillamaxilla suture originates posterior to the fifth premaxillary alveolus and extends posterodorsally to a point just anterodorsal to the external naris (Fig. 3C) . The posterolateral extension of the premaxilla at the level of the posterior narial border is unclear (Fig. 3A, C) , and it is impossible to confirm the presence of a prefrontal and its possible extension. In dorsal view, at the level of the interorbital region, the posterior process of the premaxilla forms a shallow concavity separating the frontals (Fig. 3A) . The posterior extension of the premaxillae is long and shows a small contact with the parietal at the level of the last third of the orbital length (Fig. 3A) . This feature is seen in many Late Cretaceous elasmosaurids , polycotylids, and some pliosaurids (Ketchum and Benson, 2010) . A small isolated piece of bone, located dorsally in the interorbital region, is preserved dorsally to the concavity of the posterior processes of the premaxillae (Fig. 3A) . It is tentatively interpreted as part of the premaxilla, because it matches perfectly with the concavities of the posterior processes of the premaxillae and covers the sutures between the premaxillae and the frontal. In ventral view, the palatal surface of the premaxillae exhibits an alveolar channel connecting the replacement alveoli (Fig. 3B) .
Maxillae-The right maxilla is severely damaged; only a small piece of its preorbital part is present (Fig. 3C) . The left maxilla is well preserved and shows 15 alveoli (Fig. 3C) . The maxilla forms the lateral, ventral, and posteroventral margins of the external naris and the anterior corner of the orbit (Fig. 3A, C) as in Libonectes morgani (Carpenter, 1997) . Anterior to the orbit, the sutures between the maxilla and the frontal-prefrontal are not observable (Fig. 3A, C) . Laterally, the maxilla extends beneath the orbit and underlaps the jugal ventrally (Fig. 3C) . The maxilla-jugal suture is long and posteroventrally directed as in other elasmosaurids (e.g., Futabasaurus suzukii; Sato et al., 2006) , and it extends posteriorly to about half the length of the temporal fenestra. Its suture with the squamosal is unclear (Fig. 3C) , as is the participation of the maxilla in the margin of the internal naris in palatal view (Fig. 3B) .
Nares-The external nares are located above the third to fifth maxillary teeth (Fig. 3C) , just anterior to the orbits. The anterior extension of the external nares is difficult to determine (Fig. 3A , C). The internal nares (Fig. 3B ) largely overlap the external ones but are located slightly anteriorly to them, as in Libonectes morgani (e.g., Carpenter, 1997) .
Frontal-The frontal forms the roof of the orbit (Fig. 3A) . It contacts the premaxillae medially and the postfrontal posterolaterally (Fig. 3A) . It does not seem to contribute to the temporal fenestra, but because of the bad preservation of this area, it is not possible to comment on its contact with the maxillae. The frontals are separated by the long dorsal processes of the premaxillae along their entire length, as in most elasmosaurids (Vincent et al., 2011) , but unlike the condition in all Jurassic and a few Cretaceous taxa (Brancasaurus and Callawayasaurus) that exhibit frontals in contact along their entire length (Carpenter, 1997 (Carpenter, , 1999 Sato, 2003; Kear, 2005; Brown et al., 2013) . Around the posterior orbital margins, the sutural relationships between the frontal, the premaxillae, the parietal, the postfrontal, and the postorbital are difficult to interpret (Fig. 3A) . Ventrally, the frontals form the lateral wall of the olfactory sulcus (Fig. 3C) .
Orbits-The maxilla forms the anterolateral corner of the orbit (Fig. 3A, C) , but it is not clear whether the maxilla or the prefrontal forms the anteromedial corner. The frontal and the jugal form its dorsal and ventral edges, respectively (Fig. 3A,  C) , as in Libonectes morgani, Styxosaurus, and Thalassomedon (Carpenter, 1997) . The ventral margin formed by the maxillae appears convex in lateral view (Fig. 3C) , as in many elasmosaurids . As in most known elasmosaurid skulls (e.g., Terminonatator; Sato, 2003) , the sclerotic ring is not preserved.
Postorbital Bar-The postorbital bar is partially preserved on both sides (Fig. 3A) . The exact nature of its contacts with the frontal and the postfrontal, as well as its relationships with the posterior rim of the orbits, and its possible contact with the squamosal posteriorly are unclear.
Jugal-The jugal is a plate-like, transversely thin bone that forms the majority of the ventral margin of the orbit (Fig. 3C ), as in Libonectes morgani and Futabasaurus (Carpenter, 1997; Sato et al., 2006) . The left jugal is well preserved, unlike the right one, but the suture with the postorbital is not easily observable (Fig. 3A) . Posterior to the orbit, a large foramen perforates the lateral surface of the jugal (Fig. 3C ), as in Libonectes morgani (Welles, 1949) . It is not possible to differentiate the squamosal from the posterior part of the jugal (Fig. 3C) .
Parietal-The closed parietals form a median dorsal roof over the endocranial cavity, with weakly concave lateral surfaces. The exact height of the parietal crest is unknown because of partial dissolution (Fig. 3C) . Anteriorly, the parietal contacts the frontal at the level of the posterior margin of the orbit (Fig. 3A) . A small pineal foramen is present anteriorly and is totally enclosed within the parietals at the level of the postorbital bar (Fig. 3A) . The pineal foramen is absent in most elasmosaurids (Futabasaurus suzukii, Libonectes morgani, Styxosaurus snowii, Terminonatator ponteixensis, Tuarangisaurus keyesi, and Zarafasaura oceanis) but present in Callawayasaurus (Welles, 1952) . Its loss is considered a synapomorphy of Late Cretaceous Elasmosauridae and Polycotylidae by Carpenter (1997) , but recent phylogenetic data sets suggest that the pineal foramen was lost independently in some Cretaceous elasmosaurids (e.g., Eromangasaurus) and some polycotylids (O'Keefe, 2001; Kear, 2005; Druckenmiller and Russell, 2008; Ketchum and Benson, 2010) . The posterior end of the parietal overlaps the supraoccipital.
Squamosal-Both squamosals are partially preserved (Fig. 3A , C); their medial contact is not preserved. The left dorsal ramus has been lost, along with the medial dorsal portion of the right ramus. The anterior and ventral rami are preserved on the right side and show that the suspensorium was only slightly inclined anterodorsally (Fig. 3A) , in contrast to the straight suspensorium present in Terminonatator (Sato, 2003) or the curved one (posterior margin is convex in lateral view) of Styxosaurus and Thalassomedon (Carpenter, 1999) . The right anterior ramus of the squamosal forms the temporal bar, contacting the jugal anteriorly (Fig. 3A) . The sutural relationships of the ventral ramus of the squamosal with the quadrate remain unclear. On the right side, medial to the quadrate, the squamosal is overlain by the quadrate ramus of the pterygoid.
Quadrate-The right quadrate is poorly preserved, but the left one is almost complete (Fig. 3A, C) , although its most posterior surface is dissolved. The left quadrate seems to be mediolaterally convex in posterior view and concave in anterior view. It extends anteromedially to contact the quadrate ramus of the pterygoid (Fig. 3A, B) . Ventrally, the quadrate extends well ventral to the tooth row (Fig. 3C ), being the thickest at the articulation with the mandible to form a large quadrate condyle. The latter is divided into two parts by an oblique, anteroposteriorly oriented intercondylar depression. Both quadrates have a small depression on their medial surface corresponding to the facet of the paroccipital process (Fig. 3A) .
Vomer-The vomer is poorly preserved; its anterior-most part is missing (Fig. 3B) , and the occurrence of a vomeronasal foramen cannot be determined. The vomer forms the anterior and medial margins of the internal naris (Fig. 3B ). Its posterior extension and its sutural relationships with the pterygoid are unclear. The median FIGURE 3. Digital reconstruction of the skull of SMNS 81783 in dorsal (A), ventral (B), and left lateral (C) views. Abbreviations: bo, basioccipital; boc, occipital condyle; ect, ectopterygoid; en, external naris; eo-op, exoccipital-opisthotic; fr, frontal; in, internal nares; j, jugal; jf, jugal foramen; lpo, lateral pterygoid opening; mx, maxilla; olf, lateral wall of the olfactory canal; p, parietal; pa, parasphenoid; pa/bs, parabasisphenoid; pal, palatine; pf, pineal foramen; piv, posterior interpterygoid vacuities; pmx, premaxillae; po, postorbital; pof, postfrontal; pp, paraoccipital process; pr, prootic; pt, pterygoid; q, quadrate; qpt, quadrate ramus of the pterygoid; sq, squamosal; v, vomer; ?, undetermined bone. Scale bar equals 10 cm. suture between the two vomers is clearly seen in the median sheet of bone separating the internal nares (Fig. 3B) . Palatine-The palatine is well preserved on the right side of the palate (Fig. 3B) , although some parts are partially broken and its sutural relationships with the pterygoid are not visible. On the left side the palatine is damaged (Fig. 3B) . The anterior extension of the palatine, as well as its participation in the naris margin, is unclear (Fig. 3B) .
Pterygoid-The right pterygoid is well preserved, whereas the left one is damaged in a similar manner to the left palatine (Fig. 3B) . The pterygoids form the central plate-like portion of the palate, posterior to the vomers and anterior to the posterior interpterygoid vacuities (Fig. 3B) . Both pterygoids are broken anterior to the posterior interpterygoid vacuities, obscuring their midline suture. Our interpretation is that there is no anterior interpterygoid vacuity and that the pterygoids are closed along their median suture (Fig. 3B) , as in the Jurassic microcleidids, Microcleidus tournemirensis, and Microcleidus homalospondylus (see Brown et al., 2013) , as well as in Cretaceous elasmosaurids (Bardet et al., 1999; Großmann, 2007) . Lateral to the narrow and elongated posterior interpterygoid vacuities, the ventral surface of the pterygoid is slightly concave and its lateral margin is projected ventrolaterally, forming a curved prominent flange that contacts posteriorly the quadrate ramus (Figs. 3B, 4) . On the right side, the pterygoid bears an anteroposteriorly extended opening located laterally to the posterior interpterygoid vacuities (Figs. 3B, 4). Despite poor preservation of this area on the left side, an opening on the left pterygoid appears present as well. These openings are exactly mirrored on the left and right pterygoids (Fig. 3B) , which suggests that they are most likely not taphonomic artifacts. Such openings were reported in Zarafasaura as a possible autopomorphy of the taxon (Vincent et al., 2011) . Posterior to the interpterygoid vacuities, the bones are dissolved and it is not possible to comment on the medial contact between the pterygoids covering the basioccipital (Fig. 3B) .
Epipterygoid-The epipterygoid forms a thin vertical process lateral to the parabasisphenoid (Fig. 4) . The epipterygoid seems to extend dorsally from the anterior dorsal edge of the vertical pterygoid process, similarly to that observed in Libonectes morgani (Carpenter, 1997) .
Ectopterygoid-The ectopterygoid is a 'C'-shaped bone located posterolateral to the palatines and lateral to the pterygoids (Fig. 3B, 4) . The suture between the pterygoid and ectopterygoid, although unclear, appears possibly located near the bump formed by the ectopterygoid (Fig. 3B) . A facet is visible on the lateral margin of the ectopterygoid and seems to contact the posterior elongation of the maxillary (Fig. 4) . At the juncture of the right palatine with the ectopterygoid and the pterygoid, a small fenestra is present that may correspond to the suborbital fenestra (Fig. 3B) , as seen in Libonectes morgani (see Carpenter, 1997) . The poor preservation of the left pterygoid precludes observation of this fenestra on that side.
Braincase
The braincase is formed by the supraoccipital, the fused exoccipital-opisthotics, the basioccipital, the prootic, and the parabasisphenoid. The elements are slightly displaced from their natural position. The foramen magnum is taller than wide and seems to be slightly constricted at the level of the supraoccipitalexoccipital-opisthotic sutures.
Parabasisphenoid-The parasphenoid and the basisphenoid form the anterior floor of the braincase, and there is no trace of a suture between the dorsal part of the parasphenoid and the ventral part of the basisphenoid. Anteriorly, the cultriform process of the parasphenoid is visible on the palatal surface ( Fig. 5A-C) , where it terminates between the posterior ends of the anterior rami of the pterygoids. The parasphenoid carries a prominent ventral keel that divides the posterior interpterygoid vacuities (Figs. 3B , 5B), as in Cretaceous elasmosaurids and in the Jurassic forms Microcleidus tournemirensis and M. homalospondylus (Bardet et al., 1999; Brown et al., 2013) . The ventral keel continues slightly posterior to the posterior margins of the interpterygoid vacuities and tapers posteriorly along the ventral surface of the basioccipital (Fig. 3B) . In dorsal view, just posterior to the cultriform process, the sella turcica is open anteriorly (Fig. 5A) . The pituitary fossa occupies about one-third of the braincase floor, which is comparable to the condition in Tricleidus Andrews, 1909 (see Sato et al., 2011) . The sella turcica posteriorly terminates with the dorsum sellae (Fig. 5A, C) . A prominent pila antotica extends anterodorsally from this region, and a pila metoptica is present more anteriorly (Fig. 5A-C) , as in Thalassiodracon (Benson et al., 2011) . In lateral view and ventral to the pila antotica, a process extends from the lateral surface of the basisphenoid (Fig. 5B) and forms a facet that contacts the pterygoid (basipterygoid process). The lateral surface of the parabasisphenoid is pierced by a large foramen for the internal carotid located ventral to the pila antotica FIGURE 4. Digital reconstruction of the braincase and the palate of SMNS 81783 in right lateral view. Abbreviations: boc, occipital condyle; boct, basioccipital tuber; bs, basisphenoid; ep, epipterygoid; lecpt, left ectopterygoid; leo-op, left exoccipital-opisthotic; lpo, lateral pterygoid opening; lpp, left paraoccipital process; pal, palatine; pr, prootic; pt, pterygoid; recpt, right ectopterygoid; reo-op, right exoccipital-opisthotic; rpp, right paraoccipital process; stp, stapes; v, vomer. Scale bar equals 5 cm.
and just posterior to the basipterygoid process of the basisphenoid (Fig. 5B) . In anterior view, a pair of internal carotid foramina penetrate the posterior wall of the sella turcica (Fig. 5C ), as in Libonectes morgani (Carpenter, 1997: fig. 5 ), differing from Alexandronectes zealandiensis in which there is only a single foramen in the floor of the sella turcica (Otero et al., 2016) . The dorsolateral side of the pituitary fossa bears a foramen, visible in anterior view (Fig. 5C) , that probably carried the abducens nerve (Carpenter, 1997) .
Basioccipital-The basioccipital is a stout element. Its dorsal surface bears two facets (Fig. 5C) for articulation with the exoccipitals (otooccipital facets; Evans, 2012) . A small portion of the basioccipital median ridge seems to be present in dorsal view (Fig. 5A, C) . Ventrolaterally, the basioccipital tubers show two ovoid facets for contact with the pterygoids (Fig. 5B, D) . In ventral view, the basioccipital contacts the parabasisphenoid anteriorly and the pterygoids laterally. Contrary to what is reported among pliosaurids and cryptoclidids (e.g., Andrews, 1913; Brown, 1993) , in which the exoccipitalopisthotic forms part of the occipital condyle, the basioccipital appears here to form the entire rounded occipital condyle (Fig. 5D) . A groove surrounds the occipital condyle, forming a distinct neck ventrally and laterally (Fig. 5D ) as in elasmosaurids (Brown, 1993) , but differing from the condition of Thalassiodracon (Benson et al., 2011) or Plesiosaurus (O' Keefe, 2006) in which the occipital condyle is a shallow dome lacking a groove between the condyle and the body of the basioccipital.
Exoccipital-Opisthotics-Both exoccipital-opisthotics are well preserved and are fused, as in most plesiosaurians (e.g., Sato et al., 2011; . On the anterior surface, a deep chamber for the ampulla and utriculus is visible (Fig. 5E ). Dorsally and laterally to these structures, two openings are preserved that correspond to the caudal part of the posterior and horizontal semicircular canals, respectively (Fig. 5E) . Two foramina pierce the medial surface of the exoccipital adjacent to its ventral surface (Fig. 5E ). The more anterior foramen is larger and might have served for passage of the glossopharyngeal nerve (IX) and possibly also for the perilymphatic duct . The smaller one may be considered as a foramen for the vagus and accessory nerves (X C XI) as well as the jugular vein . Anteriorly, the opisthotic forms the posterior margin of the fenestra ovalis (Fig. 5B) . This character differs from the hypothesis proposed by Maisch (1998) for Muraenosaurus, in which the opisthotics do not contribute to the fenestra ovalis. The straight paroccipital process has an anteroposteriorly oval cross-section and is ventrally inclined (Fig. 5A, B, D) . Its distal end is a little expanded but does not form a spatulate terminus as observed in pliosaurids and basal plesiosaurians (e.g., Smith and Dyke, 2008; Benson et al., 2011) .
Prootic-The prootic is present anterior to the exoccipitalopisthotic and forms the anterior margin of the keyhole-shaped fenestra ovalis seen in lateral view (Fig. 5B) . The prootic is a rectangular element, containing the anterior part of the vestibule of the inner ear dorsomedially (Fig. 5E) . The facet for the supraoccipital faces posterodorsally and is pierced by an opening for . Abbreviations: amut, chamber for ampulla and utriculus; asc, anterior semicircular canal; bo, basioccipital; boc, occipital condyle; boct, basioccipital tuber; bomr, basioccipital median ridge; bpt, basipterygoid process of the basisphenoid; cp, cultriform process; ds, dorsum sellae; eo-op, exoccipital-opisthotic; fov, fenestra ovalis; hsc, horizontal semicircular canal; icf, internal carotid foramen; IX, foramen for glossopharyngeal nerve; pa/bs, parabasisphenoid; pila, pila antotica; pilm, pila metoptica; pp, paroccipital process; pr, prootic; psc, posterior semicircular canal; puf, pituitary fossa; so, supraoccipital; st, stapes; stu, sella turcica; VI, foramen for the abducens nerve; VII, foramen for the facial cranial nerve; XCXI, foramen for the vagus and accessory nerves. Scale bars equal 2 cm. the anterior semicircular canal (Druckenmiller, 2002; Sato et al., 2011) . A much larger foramen on the exoccipital-opisthotic facet (Fig. 5E) is the exit for the horizontal semicircular canal (Sato et al., 2011) . A foramen at the posterior part of the prootic base may represent the exit for cranial nerve VII (Carpenter, 1997) .
Supraoccipital-The supraoccipital is a small, arch-shaped element lying above the braincase (Fig. 5D ) and below the parietal, enclosing the dorsal and dorsolateral margins of the foramen magnum. The supraoccipital contacts the parietal dorsally. Its ventrolateral portions are expanded anteroposteriorly to accommodate part of the semicircular canals, as in Muraenosaurus (Maisch, 1998) and Thalassiodracon (Benson et al., 2011) . It also contacts the prootic anteroventrally and the exoccipital-opisthotic posteroventrally.
Stapes-Two anteroposteriorly oriented rods ventral to the exoccipital-opisthotics and prootics, may correspond to the stapes (Fig. 5B) . The two elements are 28 mm in length, but the right one is broken in the middle. Stapes are commonly preserved in Lower Jurassic plesiosaurians (e.g., Brown et al., 2013) but rarely reported among Middle-Upper Jurassic or Cretaceous taxa (Sato et al., 2011) , and some authors have hypothesized that these taxa may have lacked stapes (e.g., Carpenter, 1997) . Contrary to the stapes identified by Storrs and Taylor (1996) that contacts the anterior surface of the opisthotic (Benson et al., 2011) , the stapes in SMNS 81783 does not contact any other element and its anterior end reaches the anterior extremity of the prootic base.
Mandible
Dentary-The dentary is a long and straight bone that occupies most of the lateral surface of the mandible. In dorsal view, the left and right dentaries unite at their anterior ends near alveolus position 4 (Fig. 6A) , to form a narrow, gracile, and slightly elongated mandibular symphysis, as observed in Callawayasaurus (bearing three to five pairs of teeth) and Hydrotherosaurus (bearing three pairs). The symphysis, which represents 15% of the total skull length, is not laterally expanded and is straight in lateral view (Fig. 6C) . The dentary seems to be the only component of the symphysis, and it seems that the coronoid extends anteriorly up to the last third of the mandibular ramus. The suture between the dentary and the splenial is only visible anterior to the coronoid (Fig. 6C) ; however, the anterior extension of the splenial is unclear. The tooth number is difficult to determine because only the medial margin is preserved; however, we estimate the original presence of 16 teeth on the dentary (Fig. 6A) . Medial to these teeth, the alveoli for the replacement teeth are visible (Fig. 6A) .
Coronoid-The coronoid is preserved on both sides, and each coronoid lies in tight contact with the dentary, on the medial surface of the mandible (Fig. 6A, C) . The coronoid is a thin and triangular bone with a large dorsal inflation (Fig. 6C ), comparable to that described in Zarafasaura (Vincent et al., 2011) . It contacts the dentary anteriorly, the prearticular ventrally, and the surangular posteriorly.
Prearticular-The prearticular is a narrow bone that contacts the coronoid dorsally and the dentary ventrally; its anterior end is not preserved (Fig. 6C) . Medially, the prearticular covers the posterior part of the Meckelian canal. The cast of the Meckelian canal that is visible in lateral view seems to be narrow anteriorly and to expand posteriorly (Fig. 6C) . The mandibular foramen is only visible medially, located between the coronoid and the prearticular (Fig. 6C) , where it opens largely posteriorly, although the termination of the foramen cannot be confidently traced posterior to this region due to the poor preservation of the bones in the posterior part of the mandible. The glenoid fossa appears just posterior to the occipital condyle.
Surangular-Only the left surangular is partially preserved (Fig. 6C) . Its anterior part is developed dorsoventrally and forms a ridge that becomes flattened posteriorly. In the posterior part of the mandible and posterior to the coronoid, the surangular descends to the glenoid cavity.
Teeth
The teeth (Fig. 3) are slightly flattened and oval in cross-section, as in Callawayasaurus, Terminonatator, Styxosaurus, and Libonectes (Sachs and Kear, 2015) . The two first teeth on the premaxillae are small and procumbent, as in Libonectes morgani and Dolychorhynchops osborni (Carpenter, 1997) . The second and fourth premaxillary teeth are the largest. Several alveoli for replacement teeth are observable on the premaxillae and the left maxilla in palatal view. The maxillary teeth are poorly preserved but appear to diminish in size from anterior to posterior, in contrast to the condition in Aristonectes (Gasparini et al., 2003b; Otero et al., 2014) and Kaiwhekea katiki (Cruickshank and Fordyce, 2002) .
Atlas-Axis Complex
The conjoined atlas-axis centrum (Fig. 7) is cylindrical and distinctly longer than high, as observed in a number of other elasmosaurids (e.g., Welles, 1943; Sachs, 2005; Kubo et al., 2012; Otero et al., 2014; Sachs and Kear, 2015) . The atlantal cotyle is circular and deeply concave. The cotylar rim is surrounded by a thin edge that is damaged along its left lateral margin; a posteriorly tapering notch incises its dorsal midline. Ventrally, the atlas intercentrum bears a prominent hypophyseal ridge similar to that reported in Elasmosaurus platyurus, Eromangasaurus australis, Albertonectes vanderveldei, Libonectes morgani, and Vegasaurus molyi (Kear, 2005; Sachs, 2005; Kubo et al., 2012; Sachs and Kear, 2015; O'Gorman et al., 2015) . The anteroventral extremity of the hypophyseal ridge is flattened and elliptical in outline, as recorded in A. vanderveldei and L. morgani (Kubo et al., 2012; Sachs and Kear, 2015) . Posteriorly, the hypophyseal ridge forms a narrow crest merging with the articular face of the axis centrum. The atlas neural spine is oriented posteriorly, narrow at its base and flared dorsally. Only the ventral part of the neural spine is preserved. The exact height is unknown, and the contact between the atlas and axis neural arches seems perforated by a large intervertebral foramen, similar to that depicted in Libonectes atlasense and L. morgani (Buchy, 2005; Sachs and Kear, 2015) , but also in V. molyi and Tuarangasaurus keyesi (Wiffen and Moisley, 1986; O'Gorman et al., 2015) . The atlas ribs, situated at the approximate midsection of the atlas-axis complex, are fused to the axis ribs so that they cannot be distinguished from each other. The rib complex is projected laterally posteroventrally (about 45 from the horizontal), beyond the articular face of the axis centrum. The concave and rounded articular face of the axis is partially preserved. It seems surrounded by a thickened convex rim.
PHYLOGENETIC ANALYSIS
In order to infer the phylogenetic relationships of SMNS 81783 within Plesiosauria, a cladistic analysis was performed using the data sets of Benson and Druckenmiller (2014) , plus two additional operational taxonomic units (OTUs): SMNS 81783 and the type specimen of Libonectes atlasense (see Appendix 1 and Supplementary Data). The scores of Libonectes morgani were modified following Sachs and Kear (2015) . Yunguisaurus liae Cheng et al., 2006 , was specified as the outgroup taxon, and all characters were coded as unordered and unweighted.
A heuristic search for the most parsimonious trees was performed using TNT 1.1 (Goloboff et al., 2008) . The search resulted in 100 parsimonious trees; the strict consensus is shown in Figure 8 . The consensus tree has a tree length of 1345 steps, an ensemble consistency index of 0.24, and an ensemble retention index of 0.62. Bremer indices greater than 1 are indicated for each node shown in Figure 8 .
The results of the phylogenetic analysis place SMNS 81783 within the Elasmosauridae (Bremer index D 3) , as sister taxon to Libonectes morgani and Libonectes atlasense. Two synapomorphies (ACCTRAN) unite the three taxa: the posterior extent of maxillary tooth row ventral to the postorbital bar and the heterodont maxillary dentition. Specimen SMNS 81783 presents three autapomorphies (ACCTRAN): the presence of a transverse constriction of the rostrum at the premaxillae-maxilla suture, the absence of a dorsomedian ridge on the premaxillae, and the short anterior extension of the parietal to the level of the temporal bar. The clade formed by L. morgani and L. atlasense is supported by one autapomorphy (ACCTRAN): the absence of a pineal foramen.
DISCUSSION
Comparisons with Other Elasmosaurids
Specimen SMNS 81783 presents several elasmosaurid characters: (1) the anterior tooth with an oval cross-section (Ketchum and Benson, 2010:character 109) ; (2) absence of an anterior interpterygoid vacuity (Bardet et al., 1999:character 12; Vincent et al., 2011:character 23) ; (3) high coronoid eminence (Vincent et al., 2011:character 39) ; and (4) a keyhole-shaped foramen magnum (Druckenmiller and Russell, 2008:character 67) . In addition, SMNS 81783 displays a combination of characters variably found in other elasmosaurids: (1) five premaxillary teeth (Brown, 1993; Sato, 2002) ; (2) a dorsomedial process of the premaxilla contacting the anterior extension of the parietal (Kear, 2005) ; (3) a pineal foramen present but not bordered by the frontal (Kear, 2005) ; (4) a convex ventral margin of the orbit (Sachs and Kear, 2015) ; and (5) a keel on the ventral surface of the parabasisphenoid (Kear, 2005) . Comparisons with available elasmosaurid skulls (see Table 2 ) show that the flat dorsal surface of the premaxillae in SMNS 81783 differs from the prominent dorsomedial bump situated anterior to the orbit in Futabasaurus, Styxosaurus, and Terminonatator (Sato, 2003; Sato et al., 2006) , the prominent dorsomedian ridge present in Eromangasaurus (Kear, 2005) , or the low keel reported dorsally along the midline of the premaxillae in Elasmosaurus (Sachs, 2005) . Moreover, in SMNS 81783, the premaxillae bear a total of 10 teeth, contrary to the conditions in Eromangasaurus (7 teeth), Elasmosaurus (12 teeth), Terminonatator (9 teeth), Kaiwhekea (7 teeth), or Aristonectes (10-13 teeth) (Carpenter, 1999; Cruickshank and Fordyce, 2002; Gasparini et al., 2003b; Sato, 2003; Kear, 2005) . In SMNS 81783, the external nares are oval and located above the third to fifth maxillary teeth, just anterior to the orbit. This condition differs from the circular external nares found in Thalassomedon (Carpenter, 1999) , and from the position of the external nares located above the sixth and seventh maxillary teeth in Styxosaurus or above the second and third ones in Tuarangisaurus (Carpenter, 1999) . The size variability of the maxillary dentition that incorporates teeth with an oval cross-section in SMNS 81783 contrasts with the relatively small and consistently sized dentition present in Aristonectes and Kaiwhekea (Cruickshank and Fordyce, 2002; Gasparini et al., 2003b) and the rounded tooth cross-sections of Eromangasaurus (Kear, 2005) and Terminonatator (Sato, 2003) . The ventral margin of the orbit in SMNS 81783 is convex and mainly formed by the jugal, in contrast to that reported for Thalassomedon and Zarafasaura, in which the jugal forms only one-third of the ventral margin of the orbit (Carpenter, 1999; Vincent et al., 2011) , or Hydrotherosaurus, in which the jugal is excluded from the orbital margin (Welles, 1943) , and Futabasaurus, which has a straight ventral margin of the orbit . The pineal foramen present in SMNS 81783 is absent in Futabasaurus, Hydrotherosaurus, Styxosaurus, Tuarangisaurus, Terminonatator, and Zarafasaura (Welles, 1943; Sato, 2003; Vincent et al., 2011) . Moreover, in SMNS 81783, the pineal foramen is totally enclosed by the parietals, contra Callawayasaurus where the frontal forms the anterior border of the pineal foramen (Welles, 1952) . In SMNS 81783, the anterior margin of the parietal contacts the frontal at the level of the posterior margin of the orbit, differing from the situation in Aristonectes, in which the parietal terminates more anteriorly between the orbits (Gasparini et al., 2003b) . The mandible of SMNS 81783 presents a Meckelian canal not open for most of its length, contrary to the conditions in Callawayasaurus and Terminonatator (Welles, 1962; Sato, 2003) , and a high coronoid, in contrast to that observed in Eromangasaurus (Kear, 2005) . The mandibular symphysis in SMNS 81783 reaches the fourth tooth pair, unlike in Hydrotherosaurus (three pairs), Terminonatator, Futabasaurus (two to three pairs) and Aristonectes (one pair). Moreover, the mandibular symphysis represents 15% of the total skull length, contrary to the condition in Eromangasaurus (23% of the skull length), Tuarangisaurus (6%), and Zarafasaura (8%) (Vincent et al., 2011) . The characters presented by SMNS 81783 differentiate this specimen from most elasmosaurid taxa, except Libonectes, with which many similarities have been found.
Comparison with Libonectes
The diagnosis for Libonectes established by Carpenter (1997) is principally based on postcranial characters and difficult to apply for SMNS 81783, which preserves only the skull and the atlas-axis complex. The only diagnostic cranial character proposed by Carpenter (1997) concerns the preorbital length/skull length ratio, but according to that author, this character has limited taxonomic utility (Carpenter, 1997:214) . Anatomical comparisons between SMNS 81783 and the other elasmosaurids allow its referral to Libonectes. Moreover, the phylogenetic result obtained in this study recovers a sister-group relationship with the two species of Libonectes, supporting the hypothesis proposed by Buchy (2005) .
Comparison with the holotypes of Libonectes morgani and Libonectes atlasense reveals only a few differences between the three specimens. A pineal foramen is present in SMNS 81783, but not in L. morgani and L. atlasense. The virtual reconstruction of SMNS 81783 reveals the presence of this structure, but it is hardly visible because of its small size (diameter D 5 mm) as well as its limited depth (4 mm). This structure is possibly not observable in L. morgani and L. atlasense because of the poor preservation of the interorbital region (see Carpenter, 1997; Buchy, 2005) . Lateral to the posterior interpterygoid vacuities, the ventral surface of the pterygoid in SMNS 81783 is dorsally concave and its lateral margin is projected ventrolaterally, forming a curved prominent flange. This contrasts with the description of L. morgani given by Carpenter (1997) , in which the pterygoids are plate-like structures (Carpenter, 1997:203) . However, the illustrations of Welles (1949:pl. 3) and Druckenmiller and Russell (2008:12, fig. 6 ), as well as the revised character score given by Sachs and Kear (2015:character 100) , show that the pterygoids of L. morgani are dorsally concave and similar to those of SMNS 81783. The pterygoids are not visible in L. atlasense (Buchy, 2005) . The openings situated on the pterygoids lateral to the posterior interpterygoid vacuities found in SMNS 81783 are absent in L. morgani and not observed in L. atlasense. Reasonable doubt remains concerning the real nature of these openings, which could be an artifact of preservation. The dorsomedian ridge found on the dorsal surface of the premaxillae in L. morgani (see Sachs and Kear, 2015) and L. atlasense (Buchy, 2005: fig. 2 ) is not present in SMNS 81783, in which the premaxillae appear flattened on their dorsal surface. The dorsomedian ridge found in L. morgani was not reported in the description of Carpenter (1997) , whereas Welles (1949:8) and Sachs and Kear (2015:696) described the prominent dorsomedian ridge on the premaxillae as a feature distinguishing L. morgani from other Elasmosauridea. The ventral emargination between the third premaxillary and the third maxillary teeth is concave in L. atlasense (Buchy, 2005) but straight in L. morgani (Carpenter, 1997: fig. 2 ) and SMNS 81783. The mandibular symphysis comprises six teeth in L. atlasense (Buchy, 2005) but eight in L. morgani (Carpenter, 1997: fig. 2 ) and SMNS 81783.
It appears difficult to state if SMNS 81783 is more related to Libonectes morgani or to Libonectes atlasense. Buchy (2005) proposed four diagnostic cranial characters differentiating L. atlasense from L. morgani: (1) the ventral emargination between the third premaxillary and the third right (fifth on the left) maxillary teeth is concave; (2) the external naris is situated at the level of the fourth to fifth maxillary teeth, which are the largest teeth in the maxillary tooth row; (3) the mandibular symphysis comprises three teeth; and (4) the mandibular symphysis is flat, posteroventrally oriented, and extends to the anterior end of the maxilla. Specimen SMNS 81783 differs from L. atlasense in all these characters and is thus more similar to L. morgani. Based on the differential diagnosis proposed by Sachs and Kear (2015) , SMNS 81783 nevertheless differs from L. morgani, based on two characters: the presence of a pineal foramen and the absence of a prominent dorsomedian ridge on the premaxillae. These differences might, however, be related to different states of preservation for the specimens of these taxa, the intraorbital region being poorly preserved in L. morgani. Similarly, doubt remains about the prominent dorsomedian ridge on the premaxillae, the absence or Großmann (2007) presence of such a structure being possibly due to intraspecific variability (e.g., sexual dimorphism), which is still unknown among plesiosaurians. The relationships among the different OTUs referred to this genus remain unresolved. Based on the limited differences, we refer SMNS 81783 to Libonectes morgani, but the comparison between L. morgani and L. atlasense is not clear because of the lack of comparative data. The type specimen of L. morgani is essentially known from its cranial characters and presents 24% missing cranial data in the phylogenetic analysis of Benson and Druckenmiller (2014) . Conversely, L. atlasense presents 80% missing cranial data and SMNS 81783 has an intermediate value with 50% missing cranial data. The use of computed tomography on the type specimen of L. atlasense would make it possible to obtain new information about its cranial characters, and to clarify the relationships among the specimens referred to Libonectes.
Paleobiogeography and Paleoecological Interpretations
The assignment of SMNS 81783, from the Turonian of Morocco, to Libonectes morgani, a North American taxon known previously only from the Late Cenomanian of Texas (Sachs and Kear, 2015) , greatly enlarges the paleobiogeographical distribution of this species. Some affinities between North American and North African faunas have already been noted for other Turonian vertebrate taxa, more specifically between teleostean fishes (Cavin et al., 2010) , but also for a pliosaurid specimen referred to Brachauchenius lucasi (e.g., Angst and Bardet, 2015) .
Thanks to the particular preservation of the fossil (nodule) and the use of computed microtomography, some structures that are rarely preserved and difficult to observe, such as the pineal foramen and the stapes, could be identified in SMNS 81783. The pineal foramen is considered to be lacking in many derived elasmosaurids (e.g., Wiffen and Moisley, 1986; Carpenter, 1997; Bardet et al., 1999; Sato, 2003) . Its condition (small and shallow) in SMNS 81783 raises questions regarding its true or artifactual absence in advanced elasmosaurids. In addition, the absence of the stapes was considered as a synapomorphy of Elasmosauridae (Carpenter, 1997) , but its occurrence in the elasmosaurids Tuarangisaurus keyesi (see O'Gorman et al., 2017) and SMNS 81783 challenges this hypothesis. According to Sato et al. (2011) , it is possible that some plesiosaurians lacked an ossified stapes. However, the morphology of the thin and fragile stapes found in SMNS 81783 suggests that its supposed absence in most elasmosaurid specimens is possibly due to their poor state of preservation.
CONCLUSION
The use of computed microtomography provides new anatomical information on a Moroccan plesiosaurian specimen difficult to study by direct observation because of its particular mode of preservation. The digital reconstruction of SMNS 81783 confirms its position within Elasmosauridae and its assignment to Libonectes, as previously suggested by Buchy (2005) . The specimen was referred to Libonectes atlasense by Buchy (2005) , but our study indicates greater similarity to the North American taxon Libonectes morgani. A reexamination of the holotype of Libonectes atlasense using computed microtomography will help to clarify the morphological disparity with L. morgani.
